Scientists have argued for a number of years that the Arctic may be a sensitive indicator of global change, but prior to the 1990s, conditions there were believed to be largely static. This has changed in the last 10 years. Decadal-scale changes have occurred in the atmosphere, in the ocean, and on land [Serreze et al., 2000] . Surface atmospheric pressure has shown a declining trend over the Arctic, resulting in a clockwise spin-up of the atmospheric polar vortex. In the 1990s, the Arctic Ocean circulation took on a more cyclonic character, and the temperature of Atlantic water in the Arctic Ocean was found to be the highest in 50 years of observation . Sea ice thickness over much of the Arctic decreased 43% between 1958 -1976 and 1993 [Rothrock et al., 1999 .
Many of the programs that monitored the arctic environment, and particularly the Arctic Ocean, from the 1940s to the 1980s ended just as these changes began to occur. Two examples are the North Pole long-term drifting stations and the Sever airborne hydrographic surveys, both sponsored by the Soviet Union.
The North Pole Environmental Observatory (NPEO) was recently established to provide the types of long-term, multi-faceted research observations that are needed to understand how the Arctic is changing. Early results from the NPEO are helping to track the ongoing changes in the arctic environment until more widespread observational efforts are instituted to replace the long-term observation programs that have been lost in recent years. The operational lessons learned in the first NPEO deployments will aid development of future long-term observation strategies. Further information on NPEO, near-real-time North Pole data, and past data can be found at http://psc.apl.washington.edu/northpole/index.html.
NPEO demonstrates how to provide the long-term measurements needed to track the changing arctic environment. Some of the measurements needed are time series beneath the surface at fixed locations. Others are needed at the surface in a reference frame drifting with the sea ice, and still others-such as ocean temperature and salinity-are needed as repeated sections over hundreds of kilometers.
Thus, the North Pole Environmental Observatory is more than a single installation (Figure 1 ). It includes a deep-sea instrument mooring, an automated drifting station consisting of a cluster of buoys fixed to the drifting sea ice, and airborne hydrographic surveys conducted each year during deployment of the mooring and drifting station. The instrumented mooring is installed close to the Pole and stretches from the ocean floor at a depth of over 4000 m to within 50 m of the surface. The drifting buoys measuring atmosphere, ice, and upper ocean properties are installed near the Pole, and during a year's time, they drift out of the Arctic Ocean. Ocean hydrographic sections run from the Pole into several key basins of the Arctic Ocean. The North Pole is an excellent location for such activities. Near the flank of the Lomonosov Ridge, it has proven to be a sensitive site for changes in upper ocean frontal structure and in the Atlantic water flowing along the ridge [Serreze et al., 2000; Morison et al., 2000] . A history of expeditions to the North Pole provides a benchmark of ocean observations there. Drifting station deployment at the North Pole fills a gap in drifting buoy coverage that has plagued the International Arctic Buoy Program's measurements of ice drift, atmospheric temperature, and pressure. Time series observations of ice thickness there provide a unique measure in the transpolar drift of sea ice. Airborne hydrographic surveys radiating from the Pole provide repeated sections of ocean properties in critical areas that are difficult to reach by other means. 
Hydrographic Surveys
During NPEO 2000, hydrographic stations were made with conductivity-temperature-depth (CTD) instruments and two lightweight, battery-operated winches capable of profiling to 500 m and 1000 m. The winch equipped for shallower depth provided for taking single water samples with a small-diameter, 1.5-liter Niskin sampling bottle. It was used at most stations to sample at 5 m and 125 m. Samples were drawn for salinity, barium, 18 O, and nutrients. The survey in 2001 utilized a larger winch that was operated directly from the survey aircraft, with provisions for making CTD casts with sampling bottles at four depths and for drawing the water samples in a heated space.
Temperature and salinity measured at the North Pole in 2000 and 2001 have been compared with profiles from the U.S.-Russian winter atlas [EWG, 1997] , the 1991 cruise of the Swedith icebreaker Oden, and the NSF-and ONRsponsored SCICEX U.S. Navy submarine cruises of 1993, 1995, 1997, 1998, and 1999 In general, ocean conditions at the Pole in 2000 and 2001 appear to have relaxed somewhat toward climatology near the surface, remained nearly steady at mid-1990s values in the Atlantic water core (250-300 m), and departed slightly farther from climatology at depth. This variation in trends with depth may be related to the ocean response time at different depths to changes in atmospheric forcing. In 2001, the Arctic Oscillation (AO) index, for which positive trends correspond to decreasing arctic atmospheric pressure, showed a significantly negative winter average for the first time in over 10 years. Many suspect that the decadal change in upper ocean conditions is caused by the decadal increase in the AO. In our experience, it is reasonable to assume that the ice and mixed layer could respond to changes in AO on seasonalto-annual time scales and produce the decreased 2001 89.371ºN and 45.317ºW (red) for J-CAD1 and at 89.364ºN, 45.000ºW for EWG (1997) 
climatology (blue).

Automated Drifting Stations
The buoys of the automated drifting stations are tracked with Global Positioning System receivers and ARGOS. Data are gathered continuously and telemetered through the ARGOS and ORBCOM (JCAD) satellite systems (see the The JCAD-1 buoy at the station provides a picture of ocean change through the Amundsen Basin. Figure 3a illustrates the measured 20-m salinity, representative of upper ocean conditions. The JCAD-1 20-m salinity is 1 greater than the climatology [EWG, 1997] ; along the same track the measured temperature at 250 m is 0.5-1.0ºC warmer than climatology. The 1990s' advance of higher salinity, Atlantic-derived surface water toward the Alaskan end of the Arctic Basin is apparent. The profiles of temperature and salinity from JCAD-1 in Figure 3b and 3c illustrate the effect on the cold halocline. They are compared with the climatological salinity and temperature profiles near the middle of the Amundsen Basin. The JCAD-1 profiles reveal that in spite of return of the cold halocline to the Russian end of the Amundsen Basin [Boyd et al., 2002] , the salinity in the upper ocean along the drifting station track was still elevated so as to greatly weaken or eliminate the cold halocline.
The U.S. Army Cold Regions Research and Engineering Laboratory (CRREL) ice mass balance buoy provides a thermodynamic history of the NPEO 2000 drifting station ice floe. Ice temperature contours from CRREL buoy 1, as well as air temperature, water temperature, snow thickness, and the calculated ocean heat flux are shown in Figure 4 . The ice temperature profiles allow an estimation of heat conducted through the ice. The depth below which the temperature becomes constant at the freezing point is taken as the ice-water interface. Tracking this depth reveals bottom melt and growth rates. The ocean heat flux to the ice shown in Figure 4 is computed as a residual between conduction and the heat lost for growth. Snow thickness is measured by the CRREL buoy using an acoustic sounder. In April, the upper part of the ice was quite cold, but by June 25, it warmed to near the freezing point. The snow disappeared about the same time. Once this occurred, top and bottom ablation was substantial, even though the air temperature (top panel) was not above 0ºC. Without the high albedo of the snow, radiative heating readily melts the ice. The radiation is able to produce bottom melt as well as top surface melt because some radiation penetrates the ice cover and heats the water. This, in turn, causes ocean heat flux to melt back the ice-water interface. In late August the snow returned and surface melt stopped, though gradual bottom melt continued. Starting in November, near the time the station reached Fram Strait, the ice cooled rapidly and began to grow at the lower surface. This continued until the buoy came near the ice edge in late January and ocean heat flux from below melted the floe rapidly. ∑ Provide a platform for community-wide Eulerian measurements in the interior Arctic Ocean.
Deployment
The 2002 NPEO deployment was completed as this article was going to press. The 2001 mooring was recovered successfully and a new mooring deployed at the same location. The drifting station was also deployed and includes a new ocean flux buoy from the U.S. Naval Postgraduate School and a Web camera that provides near real time images of the station. The hydrographic survey consisted of a closely spaced CTD section across the Lomonosov Ridge and two full hydrographic stations in the Makarov Basin. The data from these efforts are beginning to be retrieved and analyzed. For the most recent results, data, and up-to-date images of the 2002 drifting station, v i s i t t h e N P E O W e b s i t e a t http://psc.apl.washington.edu/northpole/index.html.
